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(57) ABSTRACT

In a method for producing nitrogen by cryogenic distillation,
air containing carbon monoxide is sent to a cryogenic
distillation column (5), a flow D of nitrogen is taken from the
top of the distillation column, with a CO content less than a
fixed value S1, and a flow of nitrogen-rich cryogenic liquid
coming from an external source (7) is sent to the top of the
column, the flow rate of cryogenic liquid sent to the column
being less than a value V if the CO content in the air does
not exceed a previously defined threshold (S0), and the flow
rate of cryogenic liquid sent to the column being greater than
a value V if the carbon monoxide content of the air exceeds
this previously defined threshold (S0).
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1
METHOD AND APPARATUS FOR
PRODUCING NITROGEN BY CRYOGENIC
DISTILLATION OF AIR

This application claims priority to French Patent Appli-
cation FR 1053075 filed Apr. 22, 2010, incorporated herein
in its entirety.

BACKGROUND

The present invention relates to a method and an appa-
ratus for producing nitrogen by cryogenic distillation. The
pharmaceuticals industry is a potential market for the sale of
nitrogen.

RELATED ART

In order to be fit for such an application, however, the
nitrogen must satisfy the following specifications:

CO,<300 ppm

CO<S5 ppm

0,<5 ppm

H,0<67 ppm

N,>99.5%

All the purities in this document are molar purities.

Only the CO content may raise concern. This is because
in a single-column nitrogen generator, with addition of
liquid nitrogen in order to maintain refrigeration, the CO
content in the nitrogen produced is about 80% of the CO
content in the air supplying the single column.

It can therefore be seen that the critical CO content in the
air, beyond which the constraint for the CO content in the
nitrogen is no longer satisfied, is of the order of 6 ppm.

Although the normal content of CO in the air (0.6 ppm)
is generally much less than this critical value, it is possible
that it may significantly exceed the limit value, either
continuously or more generally as a peak.

It will then be necessary to shut down the production by
cryogenic distillation of air and supply the customer by
vaporizing liquid nitrogen from a storage unit whose content
has been controlled.

This is more expensive, and this operating mode has no
autonomy other than the stored capacity of liquid.

It is known to reduce the carbon monoxide content of a
nitrogen-rich product when the air has a constant carbon
monoxide content. In this case, cryogenic distillation (EP-
A-0376465, Gas Aktuell 39, 1990, pp 4-8) or catalysis (U.S.
Pat. No. 5,441,719) may be used in order to purify the air or
the nitrogen.

U.S. Pat. No. 4,617,040 and JP-A-05001882 describe a
method according to the preamble of claim 1.

SUMMARY OF THE INVENTION

It is an object of the invention to permit the production of
nitrogen with a very low carbon monoxide content by
cryogenic distillation of air, even if the air supplying the
column is occasionally highly polluted with carbon monox-
ide.

One aspect of the invention provides a method for pro-
ducing nitrogen by cryogenic distillation of air, in which air
containing carbon monoxide is sent to a cryogenic distilla-
tion column, a flow D of nitrogen is taken from the top of
the distillation column, with a CO content less than a fixed
value S1, and a flow of nitrogen-rich cryogenic liquid
coming from an external source is sent to the top of the
column, the flow rate of cryogenic liquid sent to the column
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being less than a value V if the CO content in the air does
not exceed a previously defined threshold (S0), character-
ized in that: the flow rate of cryogenic liquid sent to the
column is greater than a value V if the carbon monoxide
content of the air exceeds this previously defined threshold
(S0).

According to other optional aspects:

the flow rate of air sent to the distillation column is
reduced if the carbon monoxide content of the air
exceeds the previously defined threshold;

if the carbon monoxide content of the air is below the
given threshold, the molar flow rate of cryogenic liquid
sent to the column is at most equal to 5% of the molar
flow rate of nitrogen gas D taken from the column;

a flow of oxygen-enriched purging liquid is produced,
characterized in that the flow rate of oxygen-rich cryo-
genic liquid produced is substantially constant when
the flow rate of cryogenic liquid sent to the column is
less than a value V and increased relative to the
constant flow rate if the flow rate of cryogenic liquid
sent to the column is greater than a value V;

the increase in the oxygen-enriched molar flow rate taken
off is substantially equal to the increase in the molar
flow rate of cryogenic liquid sent to the column;

the ratio between the flow rate of cryogenic liquid sent to
the column and the carbon monoxide content of the air
is constant;

the flow rate of cryogenic liquid sent to the column has
one or more given values if the carbon monoxide
content of the air lies in one or more predefined ranges;

the flow rate of cryogenic liquid is regulated according to
the carbon monoxide content of the air;

the flow rate of cryogenic liquid is regulated according to
the carbon monoxide content of the nitrogen produced.

One aspect of the invention provides an apparatus for
producing nitrogen by cryogenic distillation, comprising a
cryogenic distillation column, a conduit for sending air
containing carbon monoxide to the column, a conduit for
taking a nitrogen-rich product from the column and a
conduit for sending liquid nitrogen to the column from an
external source, for example a storage unit, characterized in
that it comprises means for regulating the flow rate of liquid
nitrogen sent to the column as a function of the carbon
monoxide content of the air.

The apparatus optionally comprises means for measuring
the carbon monoxide content of the air or of the nitrogen-
rich product and means for increasing the flow rate of liquid
nitrogen sent to the column if the content exceeds a thresh-
old.

The proposed invention makes it possible to increase
significantly the limiting CO content in the air, beyond
which sufficiently pure nitrogen gas can no longer be pro-
duced using the air separation apparatus.

BRIEF DESCRIPTION OF THE FIGURE

The invention will be described in more detail with
reference to the FIGURE, which represents an air separation
apparatus according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

A flow of air 1, purified with respect to CO, and humidity
but containing carbon monoxide, is cooled in a heat
exchanger 2. Its carbon monoxide content is measured by an
analyzer 3 upstream of the distillation column 5.
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The air is separated into a nitrogen-rich top gas and an
oxygen-enriched bottom liquid. The bottom liquid 17 is
expanded through a valve 18 and sent to the top condenser
9 in a known way. The vaporized liquid 21 is heated in the
exchanger 2. A nitrogen-rich gas product 29 is taken from
the top of the column, heated in the exchanger 2 and sent to
a customer. Its carbon monoxide content is measured by an
analyzer 23 and must not exceed a threshold S1, for example
5 ppm.

Refrigeration of the apparatus is maintained by sending
liquid nitrogen coming from a storage unit 7, which consti-
tutes a source external to the air separation apparatus. The
flow rate V of this liquid is substantially constant so long as
the carbon monoxide content of the air does not exceed a
threshold SO. The liquid nitrogen conduit 19 is connected to
the top of the column 5 through a valve 11. A nitrogen-rich
liquid can be taken from the column 5 through a conduit 13.

If the air 1 has a carbon monoxide content less than the
given threshold SO, for example 5.9 ppm, the molar quantity
V of liquid nitrogen sent to the column 5 through the conduit
19 corresponds to at most about 5% of the molar flow rate
of nitrogen produced, optionally at most 3% of the molar
flow rate of nitrogen produced, that is to say the quantity
which is necessary in order to maintain refrigeration of the
apparatus in the absence of an expansion turbine or other
means for refrigeration. The quantity V is therefore substan-
tially constant. The CO content of this nitrogen flow rate V
is less than 5 ppm, since the liquid stored in this external
storage unit 7 can if necessary serve as a backup after
vaporization in the event of a shutdown, untimely or not, of
the nitrogen production unit. All the liquid taken from the
bottom is sent through the conduit 17 to the condenser 9.

If the carbon monoxide content exceeds the given thresh-
old of SO for the air, the analyzer 3 sends a signal to the FIC
12 in order to modify the flow rate sent through the conduit
19 in order to increase the quantity of liquid nitrogen
arriving in the column, so that the flow rate exceeds the
value V. The more impure the air is, the greater the increase
must be. Owing to this method, by sending 10% of the
nitrogen production flow rate as a liquid nitrogen flow, the
limiting content of CO in the air can increase to 6.5 ppm
without the carbon monoxide content of the nitrogen 19
produced exceeding 5 ppm, which is required by the stan-
dards. By sending liquid nitrogen corresponding to 40% of
the nitrogen production flow rate, the limiting content of CO
in the air 1 is 9.5 ppm without the carbon monoxide content
of the nitrogen 19 produced exceeding 5 ppm, which is
required by the standards.

When increasing the flow rate of liquid nitrogen, it is
necessary to reduce the flow rate of supply air and therefore
reduce the quantity of CO introduced into the nitrogen
production unit; this also reduces the electricity consump-
tion of the apparatus.

At the same time, an additional flow of oxygen-enriched
liquid 13 is taken from the bottom of the column 5 by means
of a valve 15 and a conduit when the carbon monoxide
content of the air exceeds the threshold SO and when the
liquid nitrogen arrives through the conduit 19. This purging
flow rate is substantially the same, on a molar basis, as the
extra flow rate sent into the column through the conduit 19,
and is extracted from the production unit. It may optionally
be stored in a dedicated reservoir, or discharged to the
atmosphere after vaporization.

The ratio between the flow rate of cryogenic liquid sent to
the column and the carbon monoxide content of the air may
be constant. If not, the flow rate of cryogenic liquid sent to
the column may be fixed at one or more given values, the
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value being a function of the fact that the carbon monoxide
content of the air lies in one or more predetermined ranges.
For instance, the flow rate may be 10% if the content is
between 5 and 6.5 ppm, and 40% if the content is between
6.5 and 9.5 ppm.

What is claimed is:

1. A method for producing nitrogen by cryogenic distil-
lation of air, the method comprising the steps of:

analyzing a carbon monoxide content of an air stream;

sending the air stream to a cryogenic distillation column;

taking a flow D of nitrogen from the top of the distillation
column, the flow D of nitrogen having a CO content
less than a fixed value S1; and

sending a flow of nitrogen-rich cryogenic liquid coming

from an external source to the top of the cryogenic
distillation column, the flow rate of the nitrogen-rich
cryogenic liquid sent to the cryogenic distillation col-
umn being less than a value V if the CO content in the
air stream does not exceed a previously defined thresh-
old,

wherein the flow rate of the nitrogen-rich cryogenic liquid

sent to the cryogenic distillation column is greater than
a value V if the carbon monoxide content of the air
stream exceeds this previously defined threshold.

2. The method of claim 1, wherein the flow rate of air
stream sent to the distillation column is reduced if the carbon
monoxide content of the air stream exceeds the previously
defined threshold.

3. The method of claim 1, wherein if the carbon monoxide
content of the air stream is below the given threshold, the
molar flow rate of the nitrogen-rich cryogenic liquid sent to
the cryogenic distillation column is at most equal to 5% of
the molar flow rate of nitrogen gas D taken from the
cryogenic distillation column.

4. The method of claim 1, wherein a flow of oxygen-
enriched purging liquid is produced, characterized in that the
molar flow rate of oxygen-rich purging liquid is substan-
tially constant when the molar flow rate of the nitrogen-rich
cryogenic liquid sent to the cryogenic distillation column is
less than a value V and increased if the flow rate of the
nitrogen-rich cryogenic liquid sent to the cryogenic distil-
lation column is greater than a value V.

5. The method of claim 4, wherein the increase in the
molar flow rate of the oxygen-rich purging liquid is sub-
stantially equal to the increase in the molar flow rate of the
nitrogen-rich cryogenic liquid sent to the cryogenic distil-
lation column.

6. The method of claim 1, wherein the ratio between the
molar flow rate of the nitrogen-rich cryogenic liquid sent to
the cryogenic distillation column and the carbon monoxide
content of the air stream is constant.

7. The method of claim 1, wherein the molar flow rate of
the nitrogen-rich cryogenic liquid sent to the cryogenic
distillation column has one or more given values if the
carbon monoxide content of the air stream lies in one or
more predefined ranges.

8. The method of claim 1, wherein the molar flow rate of
the nitrogen-rich cryogenic liquid is regulated according to
the carbon monoxide content of the air stream.

9. The method of claim 1, wherein the molar flow rate of
the nitrogen-rich cryogenic liquid is regulated according to
the carbon monoxide content of the nitrogen produced.

10. An apparatus for producing nitrogen by cryogenic
distillation, the apparatus comprising:

a) a cryogenic distillation column;

b) a conduit configured to send an air stream containing

carbon monoxide to the column;
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¢) a conduit configured to withdraw a nitrogen-rich prod-
uct from the column;

d) a conduit configured to send liquid nitrogen to the
column from an external source;

e) a means for regulating the flow rate of liquid nitrogen
sent to the cryogenic distillation column as a function
of the carbon monoxide content of the air stream; and

f) a means for increasing the flow rate of liquid nitrogen
sent to the cryogenic distillation column if the carbon
monoxide content of the air stream exceeds a threshold.

11. The apparatus of claim 10, wherein said external
source is a storage unit.

12. The apparatus of claim 10, further comprising a means
for measuring the carbon monoxide content of the air stream
or of the nitrogen-rich product.

13. The method of claim 1, further comprising the step of
sending at least a portion of the flow D of nitrogen to a
customer for use as a pharmaceutical gas.

14. The method of claim 13, wherein the at least a portion
of the flow D of nitrogen comprises:

CO, in an amount less than 300 ppm;

CO in an amount less than 5 ppm;

O, in an amount less than 5 ppm;

H,O in an amount less than 67 ppm; and

N, in an amount greater than 99.5 mol %.

15. A method for producing nitrogen for use in the
pharmaceutical industry using an apparatus comprising a
heat exchanger configured to cool an air stream to a tem-
perature effective for cryogenic rectification and a distilla-
tion column configured to received the air stream and
separate the air stream into at least two separate streams, the
method comprising the steps of:

analyzing the carbon monoxide content of the air stream
upstream of the distillation column using a first ana-
lyzer, wherein the air stream has been previously
pressurized and cooled to a pressure and temperature
suitable for cryogenic rectification, wherein the air
stream is substantially free of carbon dioxide and water
such that the air stream is suitable for cryogenic recti-
fication within the distillation column;

introducing the air stream to the distillation column under
conditions effective for the separation of oxygen and
nitrogen within the distillation column to produce a
nitrogen-rich top gas and an oxygen-enriched bottom
liquid;

withdrawing a flow D of the nitrogen-rich top gas from
the top of the distillation column, heating the flow D in
a heat exchanger, and then sending at least a portion of
the flow D as a nitrogen product to a customer for use
in the pharmaceutical industry, wherein the nitrogen
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product comprises CO, in an amount less than 300
ppm, CO in an amount less than 5 ppm, O, in an
amount less than 5 ppm, H,O in an amount less than 67
ppm, and N, in an amount greater than 99.5 mol %;

analyzing the carbon monoxide content of flow D prior to
heating in the heat exchanger using a second analyzer;
and
sending a flow of nitrogen-rich cryogenic liquid coming
from an external source to the distillation column,
wherein the flow of nitrogen-rich cryogenic liquid is in
an amount V,

wherein if the carbon monoxide content of the air stream
exceeds a previously defined threshold (S0), the flow of
nitrogen-rich cryogenic liquid is increased to an
amount greater than the amount V while also reducing
the flow rate of the air stream introduced to the distil-
lation column, such that the carbon monoxide content
of flow D does not rise above a fixed value S1.

16. The method of claim 15, wherein the fixed value S1
is 5 ppm.

17. The method of claim 15, wherein the amount V is an
amount that is, at a minimum, effective to provide refrig-
eration to the apparatus in the absence of an expansion
turbine or other means for refrigeration.

18. The method of claim 15, wherein the apparatus further
comprises a controller that is in communication with the first
analyzer and the second analyzer, wherein the controller is
configured to effectuate an increase or decrease in the flow
of nitrogen-rich cryogenic liquid coming from the external
source to the distillation column based upon the carbon
monoxide content of the air stream upstream of the distil-
lation column.

19. The method of claim 15, wherein a flow of oxygen-
enriched purging liquid is produced, characterized in that the
molar flow rate of the oxygen-rich purging liquid is sub-
stantially constant when the molar flow rate of the nitrogen-
rich cryogenic liquid sent to the distillation column is less
than the amount V and increased if the flow rate of the
nitrogen-rich cryogenic liquid sent to the cryogenic distil-
lation column is greater than the amount V.

20. The method of claim 15, wherein the ratio between the
flow rate of the nitrogen-rich cryogenic liquid sent to the
distillation column and the carbon monoxide content of the
air stream is constant.

21. The method of claim 15, wherein the flow rate of the
nitrogen-rich cryogenic liquid sent to the distillation column
has one or more given values if the carbon monoxide content
of the air stream lies in one or more predefined ranges.
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